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ABSTRACT 
 
 
This project is to design a micro sprinkler system with a cost analysis for a 17 acre field. 
This type of irrigation will allow for a more uniform distribution of water, with more 
water being beneficially used at low flow rates. This design should minimize unwanted 
runoff water and save the farmer money in the long run. 
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INTRODUCTION 
 
Fresh water availability has been a huge problem in the world. This has resulted from 
seasonal droughts and increase demand of water. This is affecting agriculture, municipal, 
and industry use in the world. More specifically, this has been a huge issue in the state of 
California because of demand and semi arid environments. The price of water for 
irrigation has gone up and the quantity that can be used has gone down. Some farmers in 
the state have either had to switch to a dry crop or get out of farming due to this water 
issue. Wells can be used for irrigation, but they can be costly to install and operate. They 
might not give the amount of water needed as well. The government is pushing for 
irrigation water to be more beneficially used on farm. This is referring to having less 
runoff and deep percolation during irrigation. Runoff goes into drains and distributed 
elsewhere. This water can contain chemicals or other unwanted sediment. There are new 
modernized ways to irrigate crops now minimizing run off and are less labor intensive. 
 
Trinta Farms is a small farm based operation that is based out of Patterson, CA. Steve 
Trinta, the owner, has been a diversified farmer his whole life, but is now specializing in 
trees. He is trying to get a variety of trees going on his farm, so a new almond orchard is 
planned to plant in the Winter of 2013.  
 
The main aspect of this project is to design and do a cost analysis on micro sprinkler 
irrigation system for this new almond field. The field in total is 18 acres, but only 17 
acres will be irrigated due to the house on the corner of the field. Figure 1 below shows 
an image of the field. The field is located at the corner of Sycamore Avenue and Pomelo 
Avenue in the country side of Patterson, CA. Water is received off of a lateral canal that 
is West of the field. Water quality is poor in this area; specifically solids in the water are 
a problem. So, increased emphasis will be placed on this design for filtration that is 
necessary.  A reasonable price will be set for this irrigation system. 
 
 
Figure 1: Trinta Farms 18 Acre Field 
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LITERATURE REVIEW 
 
Almonds 
 
Almonds are a popular tree being planted today. The United States exports 80% of the 
world almonds (Stewart et al 2011). Almonds have a shallow root zone and the field 
should be properly prepared before planted. There are many different tree spacing that 
can be used in orchards, but it has been seen that closer tree spacing has some 
advantages. Closer tree spacing makes for better spray coverage, easier pruning, and less 
breakage (Trinta 2013). The different tree spacing commonly used for almonds is 10 feet 
by 22 feet, 14 feet by 22 feet, 18 feet by 22 feet, and 22 feet by 22 feet. There have been 
studies if yields are better based off of tree spacing, but the studies showed there is not a 
significant difference in yields based on tree spacing (Duncan 2010). There can also be 
many different ways to prepare the ground where the orchard will be placed. Steve Trinta 
(2013), a long term tree farmer, said the ground should be deep ripped once, disked at 
least three times, land plain the field twice, soil fumigate with a sub soiler where the rows 
will be, then lastly make the tree rows with a furrow. After all this is done, the ground is 
ready to be planted on. All this ground work gets unwanted material that was previously 
planted out of the ground. 
 
Irrigation Scheduling 
 
Irrigation scheduling or when a crop needs to be irrigated is very important in any crop. 
The scheduling of irrigation for Almonds is very important due to the sensitivity they 
have to water stress. Some factors to include for when to irrigate are based off of weather, 
water availability, and water stress. Specific times that are good to irrigate are during 
flower bloom, 30-40 days after blooming, growth stage, and flow budding. It is very 
important to keep almonds well irrigated during nut growing (Naor, 2006). Too much 
stress during that time will affect the crop yield. If an almond orchard is well irrigated the 
production of nuts will be good (Goldhammer 1996). Soil type also affects irrigation 
scheduling. Based off the type of soil, more or less water will be needed. Water can be 
held longer in a compact soil such as clay and move through a soil profile faster with soil 
such as sand. Since almonds have a shallow root zone, it is not good to have standing 
water after irrigation which can kill the tree or give them a disease. It is very important to 
know evapotranspiration rates as well when deciding on irrigation scheduling (Dlott et al. 
2010). 
 
Evapotranspiration 
 
Evapotranspiration (ET) is the sum of transpiration and evaporation. Evaporation is the 
movement of water from soil into the atmosphere. Transpiration is the movement of 
water within a plant. This can also be written as ETc for a crop. To get ETc, this equation 
can be used: ETc = Kc*ETo. Kc is the crop coefficient and ETo is the evapotranspiration 
rate of the reference crop grass. ETo can be found online from the California Irrigation 
Management Information System (CIMIS). CIMIS stations are placed all across 
California to give weather conditions for water use (Allan et al. 1998). Crop coefficients 
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are properties of plants and are different throughout the year for different crops. It is 
important to know ET values before putting in an irrigation system. The relationship 
between ET and yield shows that for an efficient irrigation system, not much water is 
taken in by ET making a linear relationship with yield (Tolk et al. 2005). The higher the 
ET, the higher a crop yield will be. Rather than using common furrow irrigation, drip and 
micro irrigation has shown an increase in yields. The Irrigation Training and Research 
Center (ITRC) have estimates of ET values for the area and type of crop being put in. The 
peak ET used is going to be for a typical year in the month of July. These ET values are 
found from factors such as sunlight, wind, humidity, temperature, and growth stage.  
 
Soil 
 
Soil type is another factor that needs to be implemented when designing an irrigation 
system. The type of basic soil textures that the field has determines the Available Water 
Holding Capacity (AWHC), infiltration rate, and leads to what type of irrigation system 
would be best for a piece of ground. Different types of soil changes what the design 
outcome will be. Textures can vary depending on the content of sand, silt, and clay; those 
are some of the key soils (Burt & Styles 2011). Soils in different area also have salinity 
issues. Almonds are very sensitive to salts. Almonds have a threshold ECe of 1.5dS/m 
and slope of 19% per 1dS/m (Maas, 1986). This means when that threshold value is met, 
the yield will start going down. Too much salt only damages a crop and loses farmer’s 
money with the decline of crop yields. Salts can accumulate in the soil or be in irrigation 
water. If salinity is a problem, farmers leach soils to get a portion of the salts out of the 
soil (Maas 1986).  
 
Distribution Uniformity 
 
Distribution uniformity is the uniformity spread of water over the area of the field that is 
being irrigated. Farmers do not want a low DU, so they aim for a high DU. The higher 
the DU the more uniform water is spread over a crop. Micro sprinklers and drip systems 
have proven a higher DU, making irrigation efficiency better (ITRC 2008). With that 
being said irrigation systems are designed to meet a high DU. A good DU is higher than 
0.8 for surface irrigation, but systems being installed today are getting a DU of 0.9 or 
higher (Burt et al 2000). 
 
Surface Irrigation Vs. Micro Sprinkler Irrigation 
 
Surface irrigation is a one of the most used types of irrigation in the world. It does not 
cost anything, but tractor work to create furrows for water to flow down. This is a gravity 
type of flowing system, so furrows must be sloping down slightly towards one end. 
Something unwanted that can occur is runoff and deep percolation (Burt et al 2000). This 
is excess water that could have been used and now carry unwanted sediments back into 
the environment. Micro sprinkler irrigation is a better way of irrigation. If these systems 
are properly maintained crop yields can increase, little to no runoff, and minimizes labor. 
Though these systems can cost a lot to install they pay off over time. These systems can 
operate at any sloping of the field, unlike surface irrigation which is gravity flowing. 
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These sprinkler directly wet the area that is being irrigated (Colorado State University 
Extension 2012). 
 
Hydraulics 
 
Sizing out the pipe in a micro system is very important. If the appropriate pipe sizing is 
not achieved with an amount of flow and pressure, the pipe will fail. There will also be 
excess friction or cost of pipe will increase. Bernoulli’s Equation is used to see the 
velocity and pressure in a pipe. This can determine if a bigger or smaller pipe needs to be 
used. Another important equation used in water hydraulics is Hazen-Williams Equation. 
This is used to get the friction loss in a pipe. Friction loss affects the water flow in a pipe. 
Both these equations are used in a Hydraulic Computation Table to see the change in 
pressure, flow, and friction down a section of pipe (Burt & Styles 2011). The internal 
diameters can be changed down a length of pipe until the appropriate flow and pressure is 
achieved down the pipe. 
 
Flow Meters 
 
Flow meters are being enforced to be used in the future. Most irrigation systems that are 
installed generally have a flow meter. These meters are used to measure flow at time of 
use and can totalize how much water was used per irrigation. There are two types of flow 
meters that are typically used. The first is a propeller flow meter. This meter has a 
propeller in a pipeline, usually using a saddle mount, and with the digital screen on the 
outside of the pipe. Each meter is designed for a certain diameter of pipe. As water flows, 
the propeller spins to allow the meter to measure the velocity of water. The equation, 
Q=V*A, is used to get a flow rate. With the area already known and the velocity being 
measured, the digital screen will show the flow rate. These are low cost and effective 
meters. Turbulence and debris can cause inaccurate measurements for this type of meter. 
Under ideal conditions, a propeller flow meter will have accuracy of +/-2% (GWPA 
2005). The next type of meter, generally used, is a magnetic meter. There are no moving 
objects put in the pipe for this type of meter, but only an added section connected to the 
pipe. This flow meter creates a magnetic field and uses an equation to produce a flow rate 
(Burt & Styles 2011). This type of meter is much more expensive than a propeller meter 
but has a much greater accuracy of measurements. Magnetic meters are being more used 
today. Figure 1 and 2 shows the two types of flow meters. 
 
5 
 
 
 
 
 
                 Figure 2: Propeller Meter                                    Figure 3: Magnetic Meter 
 
Filtration 
 
There are many types of filtration system used in irrigation. If there is no filtration used 
for an irrigation system, problems will occur not allowing the crop to get the amount of 
water needed. These filtration systems take out debris before it is injected in the water 
that is spread out within a field. People use different preferences on what type to use, so 
not one type is always used. Two commonly used filters are below. 
 
Sand Media Filters. These types of filters are used to remove sand and other heavy 
particles from a system. They do not remove silt, moss, and other matter. These tanks are 
partially filled with sand and have gravel at the bottom of the tank for back flushing. 
Different material is used within the tanks to catch debris. Crushed granite or silica is 
used most commonly. Though this type does not remove everything, they generally 
remove 70-95% of sand. This is very effective because if too much debris gets through, 
the sprinklers can plug up. Sand media tanks back flush as well to get all the debris 
caught out of the system. These filters use high flow rates to get debris out of water and 
also needs to be at high flow rates during back flush to lift all the debris out of the system 
(Burt & Styles 2011). This type of filtration is most commonly used in micro irrigation 
systems. Figure 3 shows what sand media filters look like. 
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Figure 4: Sand Media Filters 
 
Gravity Overflow Screens. Overflow screens are used quite often, but like media filters, 
they take up a lot of space. That is one factor that some people choose a different filter 
for. These are an effective type of filtration. Water flows through a screen in which 
separates debris from water. There are different types of mesh material to pick up 
different size of debris; it is the user’s preference. Clean water goes through the screen 
and into the system while the debris goes to the end of the screen. These systems are self-
cleaning, so these systems don’t require much maintenance (Burt & Styles 2011). Figure 
4 shows a gravity overflow screen filter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Gravity Overflow Screen 
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PROCEDURES AND METHODS 
 
 
Design Procedure 
 
Field and Micro Sprinkler Constraints.  For every irrigation design, there should be 
given information to get the design started. This information will also be used later in the 
design. These constraints include information such as field size, soil type, field slope, 
irrigation preference, crop, Peak ET, water source, and water quality. With this 
information, designers can get an idea of what the irrigation design will look like. Some 
main constraints for this design are that there is 1800 GPM available to this field with 
heavy dirt load in the water from the San Joaquin River. 
 
Peak ET.  Irrigation designs should be designed to withstand bad situations such as 
weather. Peak ET values in this case should then be picked during a hot time out of the 
year, preferably summer. In this design it was taken from the month of June for almonds 
without cover crop. The Peak ET value that was determined is 8.1inches/month. This 
value was found on the ITRC ET Database. Once this value is determined, it is good to 
change the units to inches/day. Cancelling out units gave a Peak ET of 0.26 inches/day. 
 
Estimate GPH/Tree.  The field spacing preferred by the farmer is 15 feet by 23 feet, 
with an operating time of 46.5 hours/week according to the farmer. Using these values 
above, the GPM/tree (net) can be found. Equation 1 below shows this: 
 
                          GPM(net) = (inches * plant spacing area) / (96.3 * hours)                 (1) 
 
After plugging in the numbers into this equation, the GPM(net) came out to be 0.14 
GPM/tree. For this design, this value should then be converted form minutes to hours 
which is 8.45 GPH(net). With this GPH(net) known, now GPH(gross) can be computed. 
Equation 2 below shows this: 
 
                                     GPH(gross) = GPH(net) / (DU * (1 - %losses)                        (2) 
     
For this equation, the DU will be assumed to be 0.85. Irrigation systems can deteriorate 
over time, so this DU value will assure there will be enough water to irrigate the crop 
properly. GPH(gross) came out to be 9.95GPH/tree. 
 
Estimate Number of Micro Sprinklers/Tree.  For this part of the design, it is very 
important to know the type of soil the crop will be in. This piece of ground was 
determined to be Zacharias clay loam. The NRCS website was used to get this as shown 
below in Figure 6. 
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Figure 6: Soil Map (http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx,2013) 
From the NRCS information, the lateral movement of water in soil can then be 
determined based off of the Table 1 below. 
 
Table 1: Lateral Water Movement in Soils (Burt and Styles, 2007) 
Soil Type Additional Lateral Movement (ft) 
Coarse Sand 0.1 - 0.4 
Fine Sand 0.2 - 0.7 
Loam 0.7 - 1.1 
Heavy Clay 1.0 - 1.5 
 
An additional lateral movement of 1 foot was selected based off of this table. For most 
sprinkler designs, a 60% wetted area is usually what is wanted. Mr. Trinta has selected 
the Nelson R10 micro sprinkler which has a throw of 23 feet. The tree spacing area came 
out to be 345 feet squared. 60% wetted area was then multiplied to that number which 
gave 207 feet squared. It was then determined to put a sprinkler between every other tree 
down the rows. 
 
Select Nozzle and Number of Sets.  Different nozzle sizes are used in irrigation for 
micro sprinklers. The nozzle sizes vary in flow rate and pressure. A simple equation is 
used to determine a nozzle’s flow rate, which is below in Equation 3: 
    
                                                             GPH = K * P0.5                                                     (3) 
 
The flow rates and pressures for the various nozzles for a Nelson R10 sprinkler were 
found on their website which is shown in Table 2 below.  
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Table 2: Average K Values for Nelson R10 Sprinkler 
#40 Nozzle     #45 Nozzle     
P 
(Psi) Q(GPM) Q(GPH) K 
P 
(Psi) Q(GPM) Q(GPH) K 
25 0.24 14.4 2.88 25 0.29 17.4 3.48 
30 0.26 15.6 2.8482 30 0.32 19.2 3.5054 
35 0.28 16.8 2.8397 35 0.35 21 3.5496 
40 0.3 18 2.846 40 0.37 22.2 3.5101 
45 0.32 19.2 2.8622 45 0.39 23.4 3.4883 
50 0.34 20.4 2.885 50 0.42 25.2 3.5638 
    Average: 2.8602     Average: 3.5162 
 
#50 Nozzle     #55 Nozzle     
P 
(Psi) Q(GPM) Q(GPH) K 
P 
(Psi) Q(GPM) Q(GPH) K 
25 0.36 21.6 4.32 25 0.44 26.4 5.28 
30 0.39 23.4 4.2722 30 0.48 28.8 5.2581 
35 0.43 25.8 4.361 35 0.52 31.2 5.2738 
40 0.46 27.6 4.3639 40 0.55 33 5.2178 
45 0.48 28.8 4.2933 45 0.59 35.4 5.2771 
50 0.51 30.6 4.3275 50 0.62 37.2 5.2609 
    Average: 4.323     Average: 5.2613 
 
#60 Nozzle     
P 
(Psi) Q(GPM) Q(GPH) K 
25 0.51 30.6 6.12 
30 0.56 33.6 6.1345 
35 0.61 36.6 6.1865 
40 0.65 39 6.1664 
45 0.69 41.4 6.1715 
50 0.73 43.8 6.1943 
    Average: 6.1622 
 
 
Since those are known values, K is what will vary to help determine nozzle and number 
of sets. Rearranging the flow rate calculation gives Equation 4:                    
 
                                                         K = GPH / P0.5                                                     (4) 
 
The average K values help determine the operating pressure and flow rates with the 
different number of sets. Having more than one set allows for different parts of the field 
to be irrigated at different times. The same number of trees and sprinklers will be used no 
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matter how many sets are selected. The number of sets will affect how the mainline and 
manifolds will be designed. Table 3 below shows how the average K values help 
determine the number of sets with the computed operating pressures. 
 
Table 3: Pressures Required for Various Orifice Size 
GPH/MS = GPH/Tree*(#sets/#MS/tree) 
Average required pressure for various orifice 
sizes 
# of sets   
 
  #40 #45 #50 #55 #60   
1 19.89 48.38 32.01 21.18 14.30 10.42   
2 39.79 193.52 128.04 84.71 57.19 41.69   
3 59.68 435.41 288.10 190.60 128.68 93.80   
4 79.58 774.07 512.17 338.84 228.76 166.76   
5 99.47 1209.48 800.27 529.44 357.44 260.56   
6 119.36 1741.66 1152.39 762.40 514.72 375.21   
 
Also given on the Nelson website was that the R10 sprinkler operates at 25-50psi. With 
this value given, the system is best suited running with 1 set using a #45 orifice size. This 
was also selected due to the operating pressure is well within the operating pressures 
given on the Nelson website. Using an orifice size with an operating pressure too close to 
25 or 50psi would cause inefficiency in the system. 
 
With knowing how many sets the system will operate with, the rest of the field 
constraints can be determined. There will be 27 rows/set. The long rows will each have 
84 trees/row, while the shorter rows each have 70 trees/row. 
 
Locate and Position Manifolds.  Since there is only going to be one set, the manifold 
can now be positioned. Table 7 shown in Appendix B shows how the number of 
manifolds was selected. With knowing that the rows are 1265 feet long, it is as simple as 
dividing that number by the number of manifolds. This number calculated is the total 
length of each hose coming off the manifold.  
 
The ITRC provides a drip hydraulics program which shows important factors such as 
uphill length of hose, downhill length of hose, inlet pressure, and DUlq for different hose 
inside diameters that come off of the manifold. Appendix B shows Table 8, which has the 
input values for the program based off this design. Table 9 in Appendix B then shows the 
outputs from the program for different inside diameter hoses. A hose inside diameter of 
1.05 inches was selected due to it had the best DU. 
 
Allowable Change in Pressure.  Irrigation systems are designed to minimize the 
variation of flow in each outlet, such as a sprinkler. In each irrigation system, there 
should be an allowable change in pressure calculated. This is shown in Equation 5 below: 
                                                         
                            Allowable ∆P = 2 * (Pavg – (Pavg * (DUsystem / DUhose)1/x))                    (5) 
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For this design, a system DU of 0.93 was used. DU of the hose is what is determined 
from the ITRC drip hydraulics program. The allowable ∆P calculated came out to be 
5.17psi. 
 
Manifold Sizing.  Previously in the design, it was determined that this field will have 2 
manifolds in the field. Pressure regulators will be placed at the head of each manifold. 
Each pressure regulator should be set to the pressure at the head of the manifold. The drip 
program then concludes that the uphill length of hose will be 303.7 feet and the downhill 
length will be 328.8. The manifold will be place in between these two lengths. There is 
only a slope West to East and the 2 manifolds run South to North where there is no slope. 
Table 10 in Appendix B shows the manifold sizing table used for the 27 outlets/manifold. 
This table shows the different flows and pressures down the manifold line. The ∆P down 
the line of the manifold, needs to be less than 5.17psi. If the ∆P is above that number, the 
manifold pipe needs to be adjusted. After the table was completed for this design, the ∆P 
for the manifold was 2.03psi and the second manifold was 3.18psi. This means the 
manifold is sized properly since it is less than 5.17psi. 
 
Mainline Sizing.  From the manifold sizing tables, the inlet pressure entering the first 
manifold will be at least 32.08psi and 33.24 in the second manifold. The mainline will be 
place along the South side of the field, starting where the pump is located. It will then be 
placed going East for 936.2 feet. It will end where the second manifold will be placed.  
 
The first manifold has a flow rate of 171GPM and the second manifold has a flow rate of 
188 GPM. This means there is a total of 359 GPM. This is alright due to the water source 
can supply 1800 GPM. When sizing the mainline, you do not want the velocity to exceed 
4.5 feet/sec. If the velocity is more than that, problems can occur such as water hammer 
that could lead to breaks in the pipe. Table 11 in Appendix B shows the sizing of the 
mainline at critical points. 
 
Pressure Relief Valves.  Pressure relief valves are an important component in an 
irrigation system. When an unwanted pressure occurs, these devices come in to use. 
These unwanted pressures can occur when a system is turned on or off. Water hammer in 
this case can occur and could cause pipe to break. These valves will take care of that 
pressure before water hammer can occur. There are some key spots to place these in an 
irrigation system. There should be one before the filtration system and at the ends of 
manifolds. They also should be placed at the end of the mainline. These locations are 
spots where increase in pressure can occur. 
 
Air Vents.  Air vents is another important component in an irrigation design. There are 
two types of air vents used. The first is large air vents (LAV). These are used to get rid of 
a large amount of air and are non-continuous to prevent vacuuming. Pipes are pressurized 
and air can get in them, reducing flow. The next type used is continuous air vents (CAV). 
These can continuously let air out of the pipeline. Each of these should be placed on 
mainlines, manifolds, and where the filtration occurs. These should be placed after high 
points or valves where vacuuming can occur. In this system, both types of vents should 
be placed where the filtration takes place. They should also be placed before and after the 
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valve on the manifold. An LAV should be installed upstream of the end of each manifold 
(Burt 1995). 
 
Filtration.  The orifice size selected is 0.045 inches or 1.143 millimeters. It is good to 
remove particles that are a seventh of the orifice size. In this case, the filtration should be 
designed to remove particles up to 0.163 millimeters. Table 4 below helped determine 
what kind of material would be best for filtration. 
 
 
 
Table 4: Filtration Table (Burt and Styles, 2007) 
    Mean Effective 
Mean Filtration Capacity 
(mm) 
Media # Media Type Media Size (mm) (@ 15-25 GPM/sq.-ft) 
12 
Round Monterey 
Sand 1.30 0.16 – 0.15   
16 
Round Monterey 
Sand 0.65 0.12 – 0.15   
8 Crushed Granite 1.50 0.11 – 0.15   
12 Crushed Silica 1.20 0.11   
20 
Round Monterey 
Sand 0.50 0.11   
11 Crushed Granite 0.78 0.08 – 0.11   
16 Crushed Silica 0.70 0.08 – 0.10   
20 Crushed Silica 0.47 0.06 – 0.08   
 
It was determined to use a #8 media, which is crushed granite. 
 
Once the type of media is picked, the number of media tanks is then chosen. This value is 
based on how dirty the water is being used and the flow rate that is being used. In this 
case the water has a heavy dirt load with a flow rate of 359 GPM. Table 10 below shows 
the selection table for how many tanks to choose. 
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Table 5: Number and Size of Tanks (Burt and Styles, 2007) 
Moderate Dirt Load (GPM) Heave Dirt Load (GPM) Number & Size of 
Tanks 
50 35 2-18” 
100 70 3-18” 
150 105 3-24” 
175-275 122-192 3-30” 
276-425 193-299 4-30” 
426-575 300-399 4-36” 
576-775 400-539 3-48” 
776-1025 540-719 4-48” 
1026-1275 720-899 5-48” 
1275-1525 900-1069 6-48” 
1526-1675 1070-1170 7-48” 
 
4 sand media tanks at 36 inches were selected based on the flow range. 
TDH Required.  After all the design above is done, now the total dynamic head can be 
determined. The pump outlet ended up being 37.17psi. The media filter loss assumed is 
7psi and the emergency screen loss is 0.5psi. Minor losses were assumed to be about 6 
psi and pump inlet pressure is -4.3psi. When all these values are added, the TDH is 46.4 
psi. 
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RESULTS 
 
 
A well developed micro sprinkler irrigation system has been designed for Trinta Farms. 
Everything has been designed to fit the 17 acre parcel correctly. This system will operate 
with only having one set. The mainline will run West to East on the South end of the 
field. A Nelson R10 Rotator has been selected to use with a #45 nozzle. Pressure 
regulators will be placed at the head of the two manifolds. Each manifold was designed to 
keep an allowable pressure down the line of the manifold. The selection of pipe size was 
based on friction and cost. With the right pipe size it will minimize breaks cause by water 
hammer. The total dynamic head came out to be 46.4 psi. The system was designed at a 
high DU to meet the farmer’s needs. The overall flow rate is 359 GPM. This flow rate 
was used to select the filtration system. The filtration to be used is 4-36” sand media 
filters. Below is a simple cost analysis of the system. Appendix D has a more in detail 
cost analysis for the system. 
 
Table 6: Simple System Cost Analysis 
Description #Unit $/Unit Total 
Cornell Pump & 
Motor 
1 $3,000  $3,000  
Total MS 1084 $4.65/MS $5,040.60  
Drip Hose 32,274
ft 
$45/500ft $2,904.66  
McCrometer 
Prop. Meter 
1 $1,500  $1,500  
Fresno Cast & 
Valving Filtration 
1 $12,360  $12,360  
Other(AV, PR, 
etc.) 
Varies $3,000  $3,000  
2” PVC 287ft $0.39/ft $111.90  
2.5” PVC 230ft $0.45/ft $103.50  
3” PVC 230ft $0.59/ft $135.70  
4” PVC 1114 $1.14/ft $1,270  
6” PVC 303.36 $2.12 $643.10 
 
                                            Total System Cost = $30,069.46 
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DISCUSSION 
 
 
One of the biggest difficulties that were encountered with this design was with the 
number of sets and manifolds to use. The first time I ran through the design, the system 
was designed for two sets. Given the layout of the field though, it was very capable of 
having one set. This saved some pipe cost. If I would have selected to do two sets, two 
main lines would have been needed. If two sets would have been selected this would have 
changed my whole manifold sizing as well. I would have then had two manifolds per set. 
After fixing the design to only have one set, there could have been three manifolds used. 
For cost reasons, I decided to only go with two because they worked out fine with the 
pressures in the system. Even with these decisions made, the overall system ended up 
with good distribution uniformity. 
 
Everything about this design is unique. It is very hard to come by two designs that are 
similar. Many different manufacturers are used for parts as well as all the properties 
within the field. These include soil type, size of the field, and slope of the field. All of 
those were key aspects of this design. 
 
It was very hard to come up with what kind of parts to use by which manufacturers. 
Going online to different sites did not help too much with pricing the system out. I used 
common parts by manufacturers that a local company in Patterson, CA uses. I also had 
the help of the farm owner, Steve Trinta, with the pricing of all the different parts 
throughout the field. 
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RECOMMENDATIONS 
 
 
If Trinta Farms wanted to expand their field they could go further East into the next field. 
This would make for more almonds as well as a bigger system to install. If a bigger 
system was installed there would be a lot of changes in the design which would make the 
overall cost greater. 
 
The only thing I could recommend is to try different parts throughout the system. This 
could have made the design cheaper in cost or even better in uniformity. Micro sprayers 
or drip could have been an option to install. Also, a magnetic meter could have been used 
instead of a propeller meter. Though magnetic meters are a lot more expensive than a 
propeller meter, they do provide a very high accuracy in flow measurement. Different 
filtration could have be used that might minimize the costs such as the sand media tanks 
used in this design. Other options could have been disc filters or a gravity overflow 
screen. There could have been many other parts throughout the field that could have been 
changed, but these are the main ones that stuck out to me. 
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APPENDIX A 
HOW PROJECT MEETS REQUIREMENTS FOR THE BRAE MAJOR 
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Major Design Experience 
 
The project must include a major design experience. A design is the steps of putting 
together a system, component, or process to achieve a specific need. The design process 
typically includes the following fundamental elements.  
 
Establishment of objective and criteria 
 
The project will require designing an under tree sprinkler irrigation system, as well as 
cost analysis for the system. 
 
Synthesis and analysis 
 
This design includes sizing pipes, proper filtration, flow rates, etc.   At the end it will all 
be analyzed to make sure it will all function properly before installation. Then there will 
be a cost analysis using calculations. 
 
Construction, testing and evaluation 
 
This system will be designed and tested using calculations. No construction will be done 
for this project. Once all pipes and filtration are chosen, the system will be reevaluated 
for corrections according to what the pump can handle. 
 
Incorporation of applicable engineering standards 
 
The standards that will be met are from the ITRC standards. Calculations will be used for 
soils, pipe sizing, pressures, flows, etc. 
 
Capstone Design Experience 
 
The BRAE senior project must incorporate knowledge and skills acquired in earlier 
coursework. Skills incorporated in this project from classes such as: 133 Engineering 
Graphics, 151 AutoCAD, 236 Principles of Irrigation, 331 Irrigation Theory, 312 
Hydraulics, 414 Irrigation Design, 149 Technical Writing. 
 
Design Parameters and Constraints 
 
The project should address a significant number of the categories of constraints listed 
below. 
 
Physical 
 
The design will be made for a field in Patterson, CA. 
 
Economic 
 
21 
 
 
 
The irrigation system will be priced out and be at a reasonable cost. 
 
Environmental 
 
This project will help reduce runoff into the environment. Runoff water can carry 
chemicals and unwanted material back into creeks or rivers. 
 
Sustainability 
 
Distribution of water throughout the field should be approximately the same allowing a 
better management of irrigation. This can save amount of water used and hours of 
operation. 
 
Manufacturability 
 
N/A 
 
Health and Safety 
 
Filtration will be used to help clean the water before distributed over the crop. Also, the 
system will be properly sized to minimize failure in the system. 
 
Ethical 
 
N/A 
 
Social 
 
Less water will be used for irrigation, allowing more water to be used for other beneficial 
reasons. 
 
Political 
 
N/A 
 
Aesthetic 
 
N/A 
 
Other Productivity 
 
N/A 
 
Other 
 
N/A 
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APPENDIX B 
 
MANIFOLD AND MAINLINE TABLES 
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Table 7: Number of Manifolds 
Field Length, ft Number of Manifolds Approx. Total Length, ft 
1265 1 1265 
1265 2 632.5 
1265 3 422 
1265 4 316.25 
1265 5 253 
 
Table 8: Drip Hydraulic Program Inputs 
Hose Program Inputs:         
Length of hose = 632.5 ft (uphill and 
downhill length)         
Water Temp = 70 degrees F         
Spacing = 180 inches         
Nominal Flow Rate =      21 GPH 
Desired Flow Rate =       19.89 GPH 
P @ nominal Q = 35 psi         
Slope = 0.2%         
Discharge Exponent = 0.5         
Extra hose length = 2.5% for snaking         
Emitter cv = 0.025         
n= 2       
Loss= 4 psi     
 
Table 9: Drip Hydraulic Program Outputs 
Hose ID 
Uphill Length 
(ft)   Downhill Length (ft)   Inlet P (psi) DU lq 
Min. Allow 
Manifold DU 
0.81 309.68 322.32 37.5 0.95 0.98 
1.05 303.7 328.8 34.7 0.97 0.96 
1.36 265.65 366.85 33.8 0.97 0.96 
 
Table 10: Manifold Sizing Tables 
Outlet 
Point 
P(psi) 
Micros
/ row 
Point 
Q(gpm) 
u/s 
Seg. Q 
(gpm) 
Pipe 
ID(in) 
Seg. 
Length 
(ft) 
Segment 
Hf (psi) 
 
∆Elev. 
(psi) 
 
∆P(psi
) 
        0.00           
1 30 21 6.96 6.96 2.193 23 0.01 0 0.01 
2 30.01 21 6.96 13.93 2.193 23 0.03 0 0.03 
3 30.04 21 6.96 20.89 2.193 23 0.06 0 0.06 
4 30.10 21 6.96 27.85 2.193 23 0.11 0 0.11 
5 30.21 21 6.96 34.81 2.193 23 0.16 0 0.16 
6 30.37 21 6.96 41.78 2.193 23 0.22 0 0.22 
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7 30.59 21 6.96 48.74 2.655 23 0.12 0 0.12 
8 30.71 21 6.96 55.70 2.655 23 0.15 0 0.15 
9 30.86 21 6.96 62.67 2.655 23 0.19 0 0.19 
10 31.04 21 6.96 69.63 2.655 23 0.23 0 0.23 
11 31.27 21 6.96 76.59 2.655 23 0.27 0 0.27 
12 31.54 21 6.96 83.56 3.284 23 0.11 0 0.11 
13 31.65 21 6.96 90.52 3.284 23 0.13 0 0.13 
14 31.78 21 6.96 97.48 3.284 23 0.15 0 0.15 
15 31.92 21 6.96 104.44 3.284 23 0.17 0 0.17 
16 32.09 21 6.96 111.41 3.284 23 0.19 0 0.19 
17 32.28 21 6.96 118.37 4.28 23 0.06 0 0.06 
18 32.34 21 6.96 125.33 4.28 23 0.06 0 0.06 
19 32.40 21 6.96 132.30 4.28 23 0.07 0 0.07 
20 32.47 21 6.96 139.26 4.28 23 0.08 0 0.08 
21 32.55 21 6.96 146.22 4.28 23 0.08 0 0.08 
22 32.63 21 6.96 153.18 4.28 23 0.09 0 0.09 
23 32.73 21 6.96 160.15 4.28 23 0.10 0 0.10 
24 32.83 21 6.96 167.11 4.28 23 0.11 0 0.11 
25 32.94 21 6.96 174.07 4.28 23 0.12 0 0.12 
26 33.05 21 6.96 181.04 4.28 23 0.13 0 0.13 
27 33.18 21 6.96 188.00 4.28 11 0.06 0 0.06 
Input 
P 33.24                 
          Pmax
= 33.18 psi 
 
Average Hose Inlet P 34.7 
  
Pmin= 30.00 psi 
 
Average emitter pressure 
desired =   32.01 psi 
 ∆P= 3.18 psi 
 
Allowable ∆P= 
 
5.17 psi 
 Pavg= 31.61 psi 
       
 
 
Outlet 
Point 
P(psi) 
Micro
s/ row 
Point 
Q(gpm) 
u/s Seg. Q 
(gpm) 
Pipe 
ID(in) 
Seg. 
Length 
(ft) 
Segmen
t Hf (psi) 
 
∆Elev
. (psi) 
 ∆P 
(psi) 
        0.00           
1 30 14 4.64 4.64 2.193 23 0.00 0 0.00 
2 30.00 15 4.97 9.62 2.193 23 0.01 0 0.01 
3 30.02 14 4.64 14.26 2.193 23 0.03 0 0.03 
4 30.05 15 4.97 19.23 2.193 23 0.05 0 0.05 
5 30.10 14 4.64 23.87 2.193 23 0.08 0 0.08 
6 30.18 15 4.97 28.85 2.193 23 0.11 0 0.11 
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7 30.30 14 4.64 33.49 2.655 23 0.06 0 0.06 
8 30.35 15 4.97 38.46 2.655 23 0.08 0 0.08 
9 30.43 14 4.64 43.10 2.655 23 0.09 0 0.09 
10 30.52 22 7.29 50.40 2.655 23 0.12 0 0.12 
11 30.65 21 6.96 57.36 2.655 23 0.16 0 0.16 
12 30.80 22 7.29 64.66 3.284 23 0.07 0 0.07 
13 30.87 21 6.96 71.62 3.284 23 0.08 0 0.08 
14 30.96 22 7.29 78.91 3.284 23 0.10 0 0.10 
15 31.06 21 6.96 85.88 3.284 23 0.12 0 0.12 
16 31.17 22 7.29 93.17 3.284 23 0.14 0 0.14 
17 31.31 21 6.96 100.13 4.28 23 0.04 0 0.04 
18 31.35 22 7.29 107.43 4.28 23 0.05 0 0.05 
19 31.40 21 6.96 114.39 4.28 23 0.05 0 0.05 
20 31.45 22 7.29 121.69 4.28 23 0.06 0 0.06 
21 31.51 21 6.96 128.65 4.28 23 0.07 0 0.07 
22 31.58 22 7.29 135.94 4.28 23 0.07 0 0.07 
23 31.65 21 6.96 142.91 4.28 23 0.08 0 0.08 
24 31.73 22 7.29 150.20 4.28 23 0.09 0 0.09 
25 31.82 21 6.96 157.16 4.28 23 0.10 0 0.10 
26 31.92 22 7.29 164.46 4.28 23 0.11 0 0.11 
27 32.03 21 6.96 171.42 4.28 11 0.05 0 0.05 
Input 
P 32.08                 
          Pmax
= 32.03 psi 
 
Average Hose Inlet P 34.70 
  
Pmin= 30.00 psi 
 
Average emitter pressure 
desired =   32.01 psi 
 ∆P= 2.03 psi 
 
Allowable ∆P= 
 
5.17 psi 
 Pavg= 30.93 psi 
       
 
Table 11: Mainline Sizing 
Point 
Point 
P 
(psi) 
Manifold 
inlet P, 
psi 
u/s 
Seg Q 
(gpm) 
Pipe 
ID (in) 
Seg 
length 
(ft) 
Seg 
Hf 
(psi) 
∆Elev 
(psi) 
∆P 
(psi) 
Velocity 
(ft/s) 
d/s pt 
A2 34 34 171 4.28 632 3.09 0.55 2.55 3.82 
d/s pt 
A1 36.55 36.55 359 6.301 303.4 0.89 0.26 0.63 3.70 
u/s pt 
A1 37.17 34.63               
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APPENDIX C 
FIELD LAYOUT 
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Figure 10: Field Layout 
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APPENDIX D 
COST ANALYSIS 
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Table 12: Detailed System Cost Analysis 
Item Quantity Units Cost/Unit Total 
          
Cornell Pump 1 unit 3000 3000 
Sand Media Filters 1 unit 12360 12360 
LAV (2",4") 6 unit 83 498 
CAV (4") 3 unit 90 270 
PR Valve 4 unit 198 792 
Butterfly Valve 3 unit 100 300 
Saddle Prop. Meter 1 unit 1500 1500 
Pressure Sustaining Valve 1 unit 430 430 
6" Pressure Regulator  1 unit 600 600 
4" Pressure Regulator 1 unit 500 500 
1.05" Hose 32274 ft $45/500ft 2904.66 
Risers off Manifold 54 unit 0.9 48.6 
T off Mainline  1 unit 37.19 37.19 
Elbow off Mainline  1 unit 15 15 
Manifold End Cap 2 unit 2.1 4.2 
Total MS 1084 unit 4.65 5040.6 
2" PVC 287 ft 0.39 111.93 
2.5" PVC 230 ft 0.45 103.5 
3" PVC 230 ft 0.59 135.7 
4" PVC 1114 ft 1.14 1269.96 
6" PVC 303.36 ft 2.12 643.1232 
Flush Out 2 unit 8 16 
Air Release/Vacuum 
Relief 1 unit 8 8 
2" Ball Valve 2 unit 10 10 
On/Off Ball Valve 54 unit 5 5 
     
      Total 
$       
30,603.46  
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DRAWINGS 
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Figure 8: Detailed Field Layout 
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Figure 9: Flush Out 
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Figure 10: Riser 
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Figure 11: Sand Media Filtration 
 
Figure 12: Main & Manifold Connection 
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APPENDIX F 
 
EXCEL SPREADSHEETS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
